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OPENING TEMPERATURES IN SEROTINOUS
CONES OF LODGEPOLE PINE

David A. Perry and James E. Lotan 1

ABSTRACT

Cones from 13 lodgepole pine trees classified as closed-
cone (serotinous) , open-coned (nonserotinous) , or intermediate
(both kinds of cones on one tree) were immersed in water baths
to determine temperature range of cone opening. Results were
as follows: closed cones, 45° to 60° C; open cones, room
temperature (25° C) to 50° C; and intermediate cones, 35° to
50° C. At least some cones thought to be "open" may, in fact,
be serotinous cones that open at low temperatures.
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A serotinous cone is usually defined as one that does not open at maturity.
Throughout much of its Rocky Mountain range, lodgepole pine (Pinus contorta var.

lati folia) is characterized by this trait which is generally believed to be a genetic
adaptation to frequent fires (Critchfield 1957; Lotan 1967; Teich 1970; and Perry and
Lotan 2

)

.

Serotiny may be broken by high temperatures. Clements (1910) found opening to

range from 40° to 69° C. Cameron (1953) extracted from cone tips material that melted
in the range 44.5° to 49.0° C. Crossley (1956) reported a minimum opening temperature
of 45° C. Armit (1964) found that cone-opening temperatures varied from 42° to 54° C,

with distinct variations between individual trees in the temperature required for cone
opening.

The authors are, respectively: research forester, stationed in Bozeman, Montana,
at the Intermountain Station's Forestry Sciences Laboratory; and supervisory research
forester, stationed in Missoula, Montana, at the Intermountain Station's Northern
Forest Fire Laboratory.
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Cone serotiny is both an important aid in reforestation and a manifestation of
differing adaptive strategies which have evolved within lodgepole pine populations.
Further knowledge concerning the nature of this phenomenon may lead to better
understanding and management of the species.

We report here laboratory tests of opening temperatures among the cones of 13

lodgepole pine trees from three widely scattered populations. These tests suggest
that classification of cone types into either "open" or "closed" may be an
oversimplification.

METHODS

New, unopened cones and old, closed cones were collected from a total of nine trees
located in Idaho (Nezperce National Forest) and Washington (Colville National Forest)

.

Three of the trees were classified in the field as closed-cone (serotinous) trees, four

as open (nonserotinous) , and two as intermediate in cone habit (closed-cone trees have
90 percent or greater, open-cone trees 10 percent or less, and intermediates between 10

and 90 percent closed cones [Lotan and Jensen 1970]). Cones were stored in a refrigerator
at approximately 3° C for several weeks, removed and stored at room temperature (24° C)

for an additional 3 to 4 weeks. Following each of these periods, the number of cones
with at least one cone-scale bond ruptured, and the number fully opened, were counted.
Cones that were not fully opened were immersed (about 20 at a time) in a water bath.
For each set of cones, temperature of the initial bath was set at 35° C. Cones were
kept in the water for 2 minutes, removed, and the number with one cone scale open were
counted, along with the number that were fully opened. The temperature of the bath was

then raised 5° C, and cones that had not fully opened were reimmersed for 2 minutes,
after which open scales were again counted. This same procedure was followed,
increasing the bath temperature 5° C each time, until all cones were fully open.

To better resolve opening temperatures, we used a water bath with more sensitive
temperature control. We collected a mixture of old and new cones from three closed-,
one open-, and one intermediate-coned trees in the Gallatin National Forest (Montana).

These were heated at 1° ± 0.5° C intervals. Cones were counted as previously described.
The number of cones tested averaged 108 per tree (range 33 to 201) for the Idaho and

Washington sources, and 28 per tree (range 24 to 30) for the Montana source.

RESULTS AND DISCUSSION

Serotinous-, intermediate-, and open-type cones fall into three distinct groups

with respect to cone-opening temperatures (fig. 1) , each with considerable variation
(fig. 2). Most cones from serotinous trees opened in the range 40° to 60° C; from

nonserotinous trees, room temperature to 50° C; and from intermediate trees, 35° to
50° C. The temperature at which all cones of a given serotinous tree were open (cr

beginning to open) varied from 45° to 60° C. This is not attributable to population
variation because the trees at either extreme are from the same area (Montana) . These

results support the findings of Armit (1964) , who reported that closed cones do not

open in a narrow temperature range.

Cone opening of four open-coned trees was temperature dependent. The fifth tree

had 2 percent open during refrigerator storage, and 100 percent open at room tempera-

ture. Although this may have been due to slow drying, our results indicate that, for

at least some trees, the open-cone habit is due to a relatively low temperature
requirement for cone opening.
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Figure 1.—Temperature dependence of cone-scale opening for trees classified in the
field as serotinous, intermediate, or open in cone habit. "Cone-scale opening" is
defined as the point at which at least one scale on a cone has broken its bond and
opened. Full cone opening generally followed within 5° C.
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Figure 2.—Temperature dependence of cone-scale opening for cones from individual trees,

by cone habit and geographic locale of tree (each curve represents data from a single
tree) .
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Natural variation in serotinous cone opening could come from interaction among

three factors: differences in scale tension, effect of environment on bonding strength,

and genetic differences in bonding agent. The varying degrees of asymmetry among

lodgepole pine cones might lead one to suspect mechanical differences as a major source
of variation. However, the pattern of scale opening was not consistently related to

cone morphology in our tests (although cones from the same tree tended to behave
similarly) . Further, Lotan (1970) has shown that variation in the flexing force of

individual scales is only 4 percent of the force required to open a bonded scale,

suggesting that differential mechanical stresses due to cone asymmetry play only a

small role in scale opening.

Phenotypic expression is thought to result from an interaction between genetic and

environmental factors, so environment probably influences differential expressions of
serotiny. The question is, to what degree? Lotan (1975) and Crossley (1956) have
shown some correlations between serotiny and elevation. Thompson (1969) found fewer

serotinous cones on the south side of two trees than in other directional quadrants.
Crossley (1956), on the other hand, found no difference in the serotiny of trees on

north- and south-facing aspects, and concluded that this implied a lack of environmental
effect in cone opening. Similarly, we found no apparent correlation between the various
opening temperatures and the aspect of the trees from which cones were collected.

In this study, the opening temperature of old and new cones from the same tree was

different. In some trees, old cones opened at a higher temperature, and in some, at a

lower. Lotan (1970) found no correlation between cone age and force required to open
scales, suggesting that the melting characteristics of the resin seal may be modified
by environment during the period of cone maturation.

The genetic and environmental factors controlling the expression of cone serotiny
in lodgepole pine are complex and poorly understood. It seems probable that our genetic
and working classification of trees into open, intermediate, and serotinous is an

oversimplification. This study suggests not two distinct types of cones--those that
require heat to open and those that do not--but rather cones with a very wide range of
opening temperature requirements. The intermediate tree may not be simply one with some
open and some closed cones, but rather one whose range of cone-opening temperatures
falls within the range of environmental temperatures experienced in the crown.

This report merely raises questions about the nature of cone serotiny in lodgepole
pine. Although too small to provide answers, the data base suggests that cone opening
temperature varies widely among serotinous cones. Some cones thought to be "open" may,
in fact, be serotinous cones that open at low temperatures. Only by collecting more
data from a wide geographic area can we gain better understanding of this phenomenon.
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